ABSTRACT
INTRODUCTION
Cardiomyopathy can be caused by many factors such as non-ischemic and ischemic factors [Dadson 2017; Corrado 2017; Akhtar 2018] . For instance, dilated cardiomyopathy is regarded as the most common form of non-ischemic cardiomyopathy, and is characterized by ventricular dilatation and impaired systolic function of the left ventricular sites [Maron 2006] . Current therapies such as beta-blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor antagonists, and mechanotherapy aim primarily to effectively control heart rate and prevent further damage to the myocardium [Viollet 2012; Hoshikawa 2011; Barasa 2018] . New therapeutic procedures should be developed to provide regenerative potential to damaged myocardium.
Bone marrow-derived cell preparations such as bone marrow mononuclear cells (MNCs) and mesenchymal stem cells (MSCs) are reported to have the potential to ameliorate left ventricular (LV) remodeling in patients with acute myocardial infarction and chronic ischemic cardiomyopathy [Assmus 2006; Leistner 2011; Perin 2012; Williams 2011; Losordo 2011] . Intracoronary delivery of autologous bone marrow stem cells is safe and effective to improve cardiac function in the treatment of post-infarct and chronic ischemic models [Assmus 2006; Wollert 2017; Wollert 2004] . However, cardiomyopathy patients commonly suffer from reduced coronary flow reserve and impaired microvascular function, and there is much controversy concerning cell therapy for these patients [Canetti 2003; Fischer-Rasokat 2009; Martino 2010; Vrtovec 2011] .
Recently, several studies regarding the effect of MSCs on cardiomyopathy have been published, and the results have been conflicting [Xiao 2017; Heldman 2014; Xiao 2012; Wang 2006] . With accumulating evidence, we therefore performed a systematic review and meta-analysis of RCTs to explore the efficacy and safety of MSCs treatment versus placebo for cardiomyopathy.
MATERIALS AND METHODS
Ethical approval and patient consent were not required because this was a systematic review and meta-analysis of previously published studies. The systematic review and metaanalysis were conducted according to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) [Moher 2009 ].
Two investigators independently searched the following databases (inception to November 2018): PubMed, EMbase, Web of Science, EBSCO, and Cochrane Library databases. The electronic search strategy was conducted using the following key words: mesenchymal stem cell; cardiomyopathy. We also checked the reference lists of the screened full-text studies to identify other potentially eligible trials.
The inclusive selection criteria were as follows: (i) population patients were diagnosed with cardiomyopathy; (ii) intervention treatments were mesenchymal stem cell therapy versus placebo; (iii) study design was RCT.
Data Extraction and Outcome Measures
We extracted the following information: author, number of patients, age, male, hypertension, diabetes, and detail methods in each group. Data were extracted independently by two investigators, and discrepancies were resolved by consensus. We also contacted the corresponding authors to obtain data when necessary.
The primary outcome was left ventricular ejection fraction (LVEF). Secondary outcomes included New York Heart Association (NYHA) classification, left ventricular end-diastolic diameter (LVEDd), the proportion of fixed defects, death, and adverse events.
Quality Assessment in Individual Studies
Methodological quality of the included studies was independently evaluated using the modified Jadad scale [Jadad 1996 ]. There were 3 items for the Jadad scale: randomization (0-2 points), blinding (0-2 points), dropouts and withdrawals (0-1 points). The score of Jadad scale varied from 0 to 5 points. An article with Jadad score ≤2 was considered to be of low quality. The study was thought to be of high quality for Jadad score ≥3 [Kjaergard 2001].
Statistical Analysis
We estimated the mean difference (MD) with 95% confidence interval (CI) for continuous outcomes (LVEF, NYHA classification, LVEDd, and the proportion of fixed defects) and risk ratios (RRs) with 95% CIs for dichotomous outcomes (death and adverse events). The random-effects model was used regardless of heterogeneity. Heterogeneity was reported using the I 2 statistic, and I 2 >50% indicated significant heterogeneity [Higgins 2002] . Whenever significant heterogeneity was present, we searched for potential sources of heterogeneity via omitting one study in turn for the meta-analysis or performing subgroup analysis. All statistical analyses were performed using Review Manager Version 5.3 (The Cochrane Collaboration, Software Update, Oxford, UK).
RESULTS
A detailed flowchart of the search and selection results is shown in Figure 1 . 619 potentially relevant articles were identified initially. Finally, five RCTs that met our inclusion criteria were included in the meta-analysis [Xiao 2017; Heldman 2014; Xiao 2012; Wang 2006; Chen 2006] .
The baseline characteristics of five eligible RCTs in the meta-analysis are summarized in the [Xiao 2017; Xiao 2012; Chen 2006] ; two studies reported NYHA classification [Xiao 2017; Chen 2006] ; two studies reported LVEDd and proportion of fixed defects [Xiao 2017; Xiao 2012] ; three studies reported death [Xiao 2017; Xiao 2012; Chen 2006] ; and four studies reported adverse events [Xiao 2017; Xiao 2012; Chen 2006] . Jadad scores of the five included studies varied from 3 to 5, and all five studies were considered of high-quality according to quality assessment.
Primary Outcome: LVEF
This outcome data was analyzed with the random-effects model, and compared to control group for cardiomyopathy, MSCs treatment resulted in significantly improved LVEF (MD = 5.85; 95% CI = 3.88 to 7.83; P < .00001), with no heterogeneity among the studies (I 2 = 0%, heterogeneity P = .84) (Figure 2 ).
Sensitivity Analysis
No heterogeneity was observed among the included studies for LVEF, and thus we did not perform sensitivity analysis via omitting one study in turn to detect the heterogeneity.
Secondary Outcomes
In comparison with control group for cardiomyopathy, MSCs treatment was associated with substantially reduced NYHA classification (MD = -1.11; 95% CI = -1.45 to -0.77; P < .00001; Figure 3) , LVEDd (MD = -3.00; 95% CI = -5.37 to -0.64; P = .01; Figure 4) , and proportion of fixed defects (MD = -4.22; 95% CI = -6.91 to -1.52; P = .002; Figure  5 ). There was no statistical difference of death (RR = 0.42; 95% CI = 0.12 to 1.50; P = .18; Figure 6 ) or adverse events (RR = 1.14; 95% CI = 0.70 to 1.86; P = 0.59; Figure 7 ) between the two groups.
DISCUSSION
Cardiomyopathy leads to the loss of a large number of cardiomyocytes that are replaced by fibroblasts (i.e. ventricle remodeling), and is an important cause of heart failure [Dadson 2017; Maron 2006; Karkkainen 2007] . Cardiomyocytes are not terminally differentiated cells, but the number of regenerative cells is far fewer than that required for cardiac repair [Beltrami 2001 ]. Myocardial regenerative therapy has emerged as an increasingly important strategy for the treatment of cardiomyopathy through transplantation of exogenous functional cells to replace, repair, or enhance the biological function of non-functional cardiomyocytes [Nagaya 2005; Seth 2006] . Bone marrow MSCs exhibit the features of self-regeneration, differentiation plasticity, sufficient source, no immune rejection, and have the ability to increase LVEF and improve coronary microvascular function for acute and chronic ischemic heart disease [Blau 2001; Eydt 2016] .
Our meta-analysis concludes that MSCs treatment shows a remarkably positive effect on LVEF, NYHA classification, LVEDd, and the proportion of fixed defects for cardiomyopathy patients. The proposed mechanisms of cell therapy for cardiomyopathy include cardiomyocyte regeneration, angiogenesis, and inhibition of myocardial apoptosis and ventricular remodeling through paracrine factors of the infused cells for ischemic heart disease [Assmus 2002; Lezaic 2015; Strauer 2002] . Intracoronary stem cell injection in patients with dilated cardiomyopathy is found to be effective and safe despite severely reduced coronary flow reserve and impaired microvascular function [Canetti 2003; Duran 2007 MSCs with BNCs in patients with dilated cardiomyopathy, and both cell therapies have been shown to significantly improve LVEF and NYHA class, and their efficacy is comparable [Xiao 2017; Tendera 2009 ]. In addition, the higher number of intracoronary stem cells may contribute to the greater improvement in LVEF by improving the retention rate after cell transplantation [Abdel-Latif 2007; Quyyumi 2011] . Regarding the sensitivity analysis, there is no significant heterogeneity. However, different approaches and number of MSCs, various factors to cause cardiomyopathy and follow-up times, may have some influence on the pooling results. Previous study has confirmed the efficacy and safety of intracoronary injection of autologous MSCs [Strauer 2010 ]. MSCs results show no increase in death or adverse events after MSCs treatment for cardiomyopathy based on the results of our meta-analysis.
This meta-analysis has several limitations. First, our analysis is based on five RCTs, and all of them have a relatively small sample size (n < 100). Overestimation of the treatment effect was more likely in smaller trials compared with larger samples. Although there is no significant heterogeneity, different origins, delivery approaches and number of MSCs, various factors to cause cardiomyopathy, may affect the pooling results. Finally, some important indexes such as 6-minute walk distance and re-hospitalization cannot undergo the meta-analysis based on current RCTs.
Conclusion
MSCs treatment shows important efficacy and safety for the treatment of cardiomyopathy, and should be recommended in clinical work, with caution. 
